Principles
The aim of treatment in compound below-knee fractures with skin loss (some of which are preventable) is to obtain rapid healing with minimal scarring and early ambulation. Sometimes these ideals are not achieved owing to mismanagement or the severity of the injury. The area has a poor blood supply and there is no spare local skin for repair. In addition, exposure of bone by periosteal stripping leads to necrosis, delayed union and occasionally to non-union. It has taken a long time to drive home the lesson about early skin cover in hand injuries. The same principle applies to leg injuries because the quality of healing of the deep tissues depends upon healing of the surface layers. The techniques and timing of repair are not the same because of differences in anatomy, blood supply and function between the upper and lower limbs. These differences have to be accepted and the surgery modified to suit the conditions.
Compound below-knee fractures with skin loss are not common in peacetime so that the orthopaedic registrar who is usually responsible for the emergency treatment has very little experience of the problem. He knows how to reduce and immobilize the fracture and is aware that a compound fracture should be converted into a simple one. He may fail to recognize that the wound is lacerated, not incised. This means that it will probably slough due to damage to the blood supply. The question then arises, should he treat the lacerated wound according to first principles or should he risk covering the bone by suturing the wound? The temptation to suture is almost irresistible. He may even apply an onlay plate and screws and stitch the wound, or finding he is short of skin he may be persuaded to turn a local flap. These random local flaps always slough due to a poor blood supply because the base has to be narrowed to a dangerous degree in order to allow the flap to rotate. Double-pedicle flaps are safer but they move very little. If one is to be used it must be carefully designed and 'delayed' (Crawford 1957) . Having covered the bone somehow, the orthopaedic registrar may apply a closed plaster and arrange for an X-ray which will look impressive on the roundnext day. If the consultant is alert he will ask to see the skin cover. If not, the plaster will be left for 6 weeks and when it is removed a sloughing wound with an exposed plate screwed into dead bone will be revealed. Failure of healing is due to loss of blood supply, not infection. Instead of spending 2 months in hospital this patient may spend 2 years or more and even then he may end up with stiff joints and a possible amputation.
What should the emergency treatment be? The lacerated wound must be treated according to first principles regardless of the problem of skin cover for the fracture. Dead and dying tissue is excised, haematomas evacuated, the deep fascia slit freely and loose bone fragments removed. Large fragments are left alone at this stage particularly if they are attached. The presence of air bubbles in the tissues very soon after injury may mean that there is a valvular opening in the fascia rather than gas gangrene. It requires judgment and experience to be able to deal with the skin correctly, because special tests for skin circulation are neither reliable nor practicable under the circumstances in which these emergencies are usually treated. Clinical xperience shows that skin with a thin backing of fat will slough, but skin with a thick layer of fat -particularly if it shows oxygenated bleeding from the subdermal plexus when incisedshould survive if left unsutured. Flaps of loose skin are reshaped by excising corners in which thrombosis may start in order to prevent it spreading into tissues which, although damaged, still have some vitality. At the end of the operation the flaps should resemble those raised in cross-leg flap repairs. They are left unsutured and the wound saucerized. Bleeding is controlled in the usual way with the additional help of elevation and a firm dressing.
Immobilization is by a simple method, for example a bivalved plaster which gives easy access to the wound. If the fracture is unstable and pins have to be inserted they should be placed with surgical empathy, i.e. having regard for those who have to repair the wound. The pins should allow access for a cross-leg flap or microsurgery, and if possible they should not transfix muscle which may be used for covering bone. The surgeon who is going to carry out the repair should be present during the emergency and his opinion on the skin problem and the arrangement of pins should be sought. Occasionally the help of a vascular surgeon will be valuable. Limbs which are considered to have sustained irreparable trauma are amputated.
Principles of repair:
According to first principles, lacerated wounds are repaired either by delayed primary suture at 3-4 days or secondary suture at 10 days. Neither method is feasible in below-knee injuries. Immediate repair (which is essential in most hand injuries) is neither necessary nor advisable in the lower limb because of the danger of covering dead tissue. This is wise for the simple reason that in these below-knee injuries it is practically impossible to be certain of the viability of tissue, particularly bone, very soon after the accident. Nevertheless, delay in repair must not be too prolonged because after a few days viable portions of exposed tibia will begin to necrose. There is about a week after injury during which the patient himself and the wound can be prepared for repair. If slough appears during this time it should be excised.
Methods of repair
In principle there are only a few methods available, but there is a considerable choice in techniques. It is important to choose the simplest and most reliable method available for the particular patient, having regard to the surgical expertise available. These fascinating and difficult problems ideally require the attention of experts in all kinds of repair, including recent advances which can be invaluable in saving limbs that at one time would have been amputated.
Spontaneous healing
This is the easiest method for all concerned. When the defect is small and the periosteum is intact or the area of exposed bone minimal, rapid healing may occur and early ambulation should be encouraged in suitable cases.
Skin graft
This is the method ofchoice for extensive soft tissue defects, particularly if they show evidence of early granulation tissue. Although in principle it is incorrect to try and obtain primary healing in a lacerated wound even by skin grafting, in practice it is possible as an emergency measure to cover part or all of an extensive wound with free skin grafts provided that the defect is prepared by excision of badly damaged tissue and the grafts are applied to viable surfaces such as muscle or periosteum. Badly damaged fat, fascia, tendon and cortical bone do not normally accept skin grafts. In children, free grafts are particularly useful and they may be used on bone from which the cortex has been removed. After healing has occurred, if the skin cover is later found to be unstable it can be reinforced by 'shaving' and skin grafting (Hynes 1959) .
Loca/flaps
Most compound below-knee wounds need skin cover by means of a flap and the obvious source is local tissue. Unfortunately local random flaps tend to slough because the base has to be narrowed to a dangerous degree in order to allow the flap to cover the defect without tension. If such a flap sloughs, the size of the defect which has to be repaired may be doubled and it may therefore become too large for repair by a cross-leg flap. Double-pedicle flaps do not shift very easily and they may need to be 'delayed'. Local flaps including deep fascia are safer than ordinary random flaps (Bowen & Meares 1974), but they need to be 'delayed' and even then are not absolutely reliable.
Local muscle flaps are much livelier and do not require to be 'delayed'. Their use, particularly in injuries of the knee joint and upper two-thirds of the lower leg, have transformed the outlook (Ger 1971 , McHugh & Prendiville 1975 . The tibialis anterior or one of the heads of the gastrocnemius is reliable, and fears about damage to the locomotor system have proved unfounded. The tibialis anterior is used as an inferiorly-based muscle flap (without skin cover). The half-gastrocnemius can be raised with or without its covering skin and used to repair defects of the knee or mid-shaft of tibia. It has been used as a cross-limb myocutaneous flap (Landra 1982) .
Cross-limb flaps
The opposite thigh is occasionally used in children, and the opposite instep may be used in heel repairs. Apart from these the usual method of repair, if local tissue is not available, is to raise a flap on the opposite calf. The largest flap which can be raised is about the size of a patient's palm and fingers. Owing to the problem of stiffjoints, cross-limb flaps are avoided if possible in patients over the age of 40 years.
Planning is carried out 24 hours preoperatively, when the optimum position of the limbs is chosen. If possible, the flap should lie high up on the back of the calf with a base twice the width. It is always D-shaped whatever the shape of the defect. When planning, a sheet of suitable material is used to simulate the flap. The axis of the flap and the defect must be parallel and the limbs are as close together as possible to reduce the size of the bridge, which is the portion of the flap not in contact with the defect.
There are many possible methods of fixation, e.g. plasters or metal pins and rods (fixators) which can be linked to the pins already in place. If plasters are to be used, bony prominences are protected with orthopaedic felt and generous windows are cut in the 'plasters at the proposed operation sites. The posterolateral surface of one thigh is exposed as a skin donor site. The plaster slabs are ridged like girders for added strength and to keep the weight and thickness to a minimum. The reason that the plasters are applied 24 hours preoperatively is to allow the limbs to settle into place -this avoids tension and displacement which may occur if they are applied at the time of operation. The next day the plan is checked and modified as necessary. The flap is raised down to the deep fascia to include all the fat (and blood vessels), making the incision one centimetre outside the planned line. This is because the flap will shrink once it is raised, and experience shows that random flaps have such a poor blood supply that they may not even be able to withstand normal skin tension. They are therefore sewn into place in a slightly shrunken state. Further, it will be found that the defect enlarges as it is prepared so that it is a good idea to raise the flap 'and see what it will comfortably cover before the defect is freshened by removal of gross scar and dead bone' (Hirshowitz & Crawford 1981) . At least two-thirds of the free edge of the flap must be united with unscarred skin. The defect on the donor limb is carefully checked for haemostasis and the deep fascia is Covered with a medium-thickness skin graft in one or two pieces, ensuring perfect contact without tenting. A tie-over dressing which is not too bulky ensures immobilization. Ideally the under-surface of the 'bridge' portion of the flap is also grafted to reduce discharge and infection. It is neither necessary nor advisable to disturb the dressing on these grafts until the flap is divided at about 3 weeks.
Fixation of the limbs is completed using plaster and wooden cross-pieces, and a light pressure dressing is applied for 24 hours to prevent a haematoma. From the nursing point of' view frequent changes of position are usually all that is required, but if there is pressure on the bottom limb the top one can be slung from a beam and the bottom limb allowed to rest lightly on pillows. The flap is divided under general or local anaesthesia at three weeks without 'delay'. Only the portion in contact with the defect is left in situ; there should be no overhang otherwise it will slough. The base of the flap may be very thick but temptation to trim the fat must be resisted for at least a week. The bridge is returned to the donor leg having removed unwanted skin graft. As a rule the base of the flap heals spontaneously. If the fracture is uniting the use of wedges at this stage may help with the alignment. If the fracture is united, early ambulation is encouraged with the limbs supported by Viscopaste bandages to prevent oedema. For very large defects or those extending 'round the corner', which are difficult to cover by a single flap, the technique may be varied. In the first method a double-pedicle flap is raised parallel to what eventually will be the base of the cross-leg flap. The double-pedicle flap is shifted towards the defect and the secondary defect is grafted. One edge of the flap should then be available to be united to the base of the cross-leg flap when the flap is divided. Alternatively, a cross-leg flap is applied to a major portion of a defect in the usual way for 2 weeks. The fixation is then removed and the remainder of the defect prepared by scar excision. The cross-leg flap is now raised further by extending the incision which outlines it so that the newly freshened portion of the defect can be covered, having rotated the limbs into a new position. The limbs are refixed for a further 10 days when the base of the flap is divided in the usual way.
Complications: Infection is common and the use ofa broad-spectrum antibiotic for a few days as a routine is justified. Maggot infestation is not uncommon and it can be dealt with using an ethyl chloride spray. Paralytic ileus is rare and is an indication to abandon the method. Pressure sores and haematomas are preventable by the use of careful technique. The failure rate should be less than 5%.
Tube pedic/es
As it may take some months to cover a leg defect by this method it is now rarely used. It is, however, valuable in children who accept the acrobatic position and it avoids damaging the opposite limb. It can be used for very large defects, in which case a very large double-pedicle flap will have to be raised on the trunk (Crawford 1965) : The use of a groin tube is an advantage because it can be placed directly onto the wrist. When the tube is united to the limb the cut end should be applied to relatively unscarred skin beyond the defect, and when the tube is detached from the wrist the other end should be temporarily 'parked' at the opposite end of the defect. This allows the flap to be opened out as a double-pedicle flap to cover the defect, having removed gross scar and dead bone. If a bone graft is to be inserted it is important to allow the flap some weeks to gain a blood supply before it is disturbed.
Vascularized bone grafts
This dramatic and difficult surgical exercise has been used successfully in cases of gross bone loss and non-union. It requires an expert in microsurgery with special knowledge in the technique of bone graft immobilization.
Free flaps
These are used to repair difficult defects of the lower third of the tibia or foot which cannot be repaired by simpler methods. They require special equipment manipulated by an expert in microsurgery and supported by a team which may spend 9 hours on a repair. If it succeeds it can result in a dramatic repair whicfi may save a limb. This method may eventually become standard in the management of some problems, particularly defects of the lower third of the tibia (O'Brien 1977).
Summary and conclusions
Those who carry out the emergency management of compound below-knee injuries with skin loss are advised to adhere to surgical principles. They should call in the surgeon who will subsequently repair the defect for consultation during the emergency operation. It is essential to choose a method of repair which has a good prospect of success. If microsurgery is to be used the indication must be clear, because failure in these cases from any method usually causes despair and is often followed by amputation. It is most important that the bone is covered in the first week after injury otherwise bone necrosis will set in. This prolongs the time of treatment considerably and may necessitate the use of a bone graft. Major centres for trauma management should have easy access to reconstructive surgeons and be willing to call them in at the appropriate time. There is no place in modem surgery for petty jealousy which excludes anyone who can contribute to the management of these cases. They often require a team approach properly coordinated in the interest of the patient.
